Pogonomyrmex rugosus (Hymenoptera: Formicidae) is an important seed predator in the Mojave Desert of the southwestern United States. Its standard rate of 02 consumption (Vo2) varied significantly with temperature (Vo2 = lo(-1.588 + 0.0315) where V02 is ml-g -1hr -and T is body temperature in 02). The ratio of the Vo2 values at 10°C increments in body temperature, Q10, also varied with temperature; methods of calculating Vo2 from temperature with a shifting Q1* are described. Vo2 also varied with body mass (Vo2 = 0.0462W"°-669, where Vo2 is mlhr 'and M is body mass in g). VO2 was inversely related to relative humidity and was independent of group size. The rise in Vo2 at low relative humidities was caused by increased activity and resulted in higher rates of net water loss. The primary metabolic adaptation to xeric conditions in P. rugosus appears to be a lowerthan-predicted metabolic rate.
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The present study examines the energy metabolism of ants under conditions of minimal activity. However, even when the manifold complications associated with activity are ignored, quantification of the energy metabolism of ant colonies faces many constraints: (i) The methods used should afford the requisite accuracy.
(ii) The ants should be minimally active-a state of affairs relevant to colony energetics, but not always easy to achieve in respirometers. (iii) "Group effects"-i.e., differences in mass-specific metabolic rates between solitary and grouped workers (11, 12) -should be taken into account. (iv) The effects of body mass and temperature should be rigorously defined. (v) Variations in metabolic rate related to the vertical stratification of workers in the nest (13) should be quantified. (vi) Effects of humidity on metabolic rates (14) should be quantified. (vii) Information on temperature profiles, distribution of workers within the nest, and population size and structure should be available. Ants are attractive organisms for the study of foraging behavior. They have a wide array of strategies, yet their foraging behavior can be accurately quantified because the workers are flightless and relatively indifferent to observers. Moreover, they are often of major importance in their communities.
Without reliable data on the energetic transactions involved, foraging theories remain intellectual exercises. A quantitative ecological evaluation of foraging behavior requires reliable data on the metabolic rates of individuals while motionless in the colony and while engaged in the various activities associated with nest maintenance and food acquisition (1, 2). However, because ants are very small animals and their physiology is strongly affected by social interactions, reliable information on the energetics is fragmented and incomplete. The authors of a recent compendium of the metabolic rates of inactive ants (3) remarked that the scatter in the published data was so great that it made little difference whether metabolic rates were expressed per gram live body mass or per gram dry body mass. Metabolic rates ofants have been measured under conditions ranging from continuous activity (4, 5) to anesthetically induced immobility (6) at a variety of temperatures and have been reported in many different units.
Because of the ecological importance of ants in natural communities, the effects of erroneous estimates of their energy metabolism can be far-reaching. For example, when Golley and Gentry (7) reported extremely high metabolic rates for a species of harvester ant, a school of ecological thought developed that concluded that ants acted as energy sinks in ecosystems (8, 9) . However, it has recently been shown (10) that Golley and Gentry overestimated the metabolic rates they measured by at least a factor of 30.
MATERIALS AND METHODS
Harvester ants of the genus Pogonomyrmex are widespread and have often been used in foraging studies. The species considered in the present study, Pogonomyrmex rugosus, is a conspicuous member of the harvester ant guild in the Mojave Desert of southwestern North America (15) , and it is an important seed predator in the areas where it occurs. The relatively large size of the workers (12-25 mg) respiratory gas exchange. The concentrations of 02 and CO2 in the airstream were monitored continuously with an S-3A 02 analyzer from Applied Electrochemistry (Ametek Thermox, Pittsburgh) and an AR-50 CO2 analyzer from Anarad (Santa Barbara, CA). After the respirometer chamber had been isolated for a controlled interval, the solenoid changeover valves were energized, and the air inside the respirometer chamber was drawn through a H20 scrubber and then through the gas analysis instruments. After the respirometer chamber had been completely flushed with reference air, the two solenoid valves were deenergized, again sealing off the respirometer chamber, and the cycle of measurement was repeated. The entire operation was computer controlled, including the timing and energizing of the solenoids and the regulation of the temperature of the respirometer chamber to within 0.5OC at any level between 10 and 45TC.
The computer also continuously recorded 02 and CO2 concentrations in the airstream. It calculated the volumes of 02 consumed and CO2 produced by integrating the concentration profiles, using the reference airstream as a baseline. It also determined rates of 02 consumption and CO2 production by using the calculated gas volumes and enclosure times, correcting Vo2 for the presence of CO2 (17), and converting the values to STPD (standard temperature and pressure, dry).
The effects of temperature at 5YC increments from 10 to 450C on Vo2 and Vco2 were determined on groups of workers in humidified air. Group size at 450C was 10; at the other temperatures it was 30. Successive readings of Vo2 and Vco2
were made until the ants were almost completely inactive, and the readings had stabilized at a minimal level (ca. 3 hr). Thereafter, repeated determinations were made, at 30-min intervals, for 6-8 hr. The means offour or five of the minimal readings were used for analysis. The relative humidity in the respirometer chamber was maintained near saturation [the situation experienced by ants in their underground nests (18) ] by a water-saturated wad of cotton wool. To determine the losses in body mass during the experiments the ants were weighed individually to 0.1 mg prior to respirometry; after respirometry, the ants were reweighed in groups. Changes in body mass were calculated by subtracting the final mass of the group from the summed masses of the individual ants at the start of the experiment. The effects at 24°C of low and high humidities on Vco2
were measured with a changeover valve system like that described above. However, during alternate 40-min periods the 50-ml-min 1 stream of dried CO2-free air was humidified under computer control by bubbling it through a 30-cm column of water containing 2% KOH. The humidity change had no effect on CO2 concentration readings when there were no ants in the respirometer chamber. The relative humidity of the air entering the chamber was monitored with a Brady Array humidity sensor (Thunder Scientific PC-2101C; Albuquerque, NM). In most of the experiments, the activity ofthe ants was monitored with a photoelectric system as described elsewhere (16 Vco2 to body mass can be described by linear regressions on semilogarithmic plots, V02 = 1o(-1.588 + 0.0315T) r2 = 0.998; F = 512; P < 0.0001 [1] ('Co2 = 10(-1.667 + 0.0308T) r2 = 0.985; F = 386; P < 0.0001, [2] where Vo2 is mlg-1ghr-1 and T is body temperature in°C.
However, inspection of Fig. 1 To test for the existence of a group effect this equation to predict the mass-specific Vi ants, using the body masses of the ants the data point for '02 at 250C in the experime perature dependence of energy metabolisr predicted mass-specific value for the group hr-1) does not differ from the value predic vidual by Eq. 5 (0.1576 ml g 1'hr-, 95% con 0.1283-0.1936 mlg-1hr-'). From Table 1 ). The immediate cause of this rise in Vco2 * see Fig. 3 ) is was increased activity. The ants became more active as soon then the body as the relative humidity of the incoming airstream began to he temperature fall. This visually obvious behavioral change was confirmed e value of the by photoelectric monitoring ofthe activity ofthe ants (Fig. 4 ).
= aMb). This
The elevation in Vco2 was accompanied by increased water .rature by using loss rates. The correlation between Vco2 in dry air expressed ulting equation as a percentage increase over 'Co2 in moist air, and the Dmperature and percent mass loss per hour after compensation for loss of respiratory substrate and production of metabolic water (Table 1) , was significant (r = 0.872, df = 4, P = 0.02).
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Metabolic water production compensated for less than 1.3% of total water loss, and the ants became dehydrated during [6] the experiments. (5, 13, 14, 24) have substantially overestimated the inactive metabolic rate of P. rugosus, probably because levels of activity during the periods of measurement were inadequately controlled for.
One physiological adaptation to the desert environment that can ameliorate the impact of aridity and sparse and unpredictable food supply is a reduction in rate of energy metabolism. This option has been exploited by some desert mammals and a few desert birds (for references see refs. 25 and 26) . Data on the occurrence of reduced metabolism in desert insects is limited, but it is clearly demonstrated by the tenebrionid beetles of the deserts of southern Africa (27) . In the case ofP. rugosus, in which respiratory water loss greatly exceeds metabolic water production, it is reasonable to assume that natural selection might favor reduction of energy metabolism. The most complete data set on ant energy metabolism in relation to body mass (28) as updated (1) can be fitted by an allometric equation, .102 = 0.137M-8 r2= 0.8, [8] where V02 is mlhr-' at 20TC, and M is body mass in g.
According to this equation, an ant with the mean body mass of P. rugosus (15.1 mg) should consume 0.2818 ml of 02 g-1hr-1. At 200C the Vo2 of P. rugosus (Eq. 1) is 0.1101 mlg-1lhr-1, or 39% ofthe predicted value. We conclude that one of the adaptations ofP. rugosus to its arid habitat may be a reduction in Vo2, which affords a reduction in food requirements and respiratory water loss.
